The catalytic cysteine and histidine in the plant acyl-acyl carrier protein thioesterases.
The plant acyl-acyl carrier protein (acyl-ACP) thioesterases (TEs) play an essential role in chain termination during de novo fatty acid synthesis and are of biochemical interest because of their utilities in the genetic engineering of plant seed oils. Biochemical data have shown the possible involvement of an active-site cysteine and a histidine in catalysis, suggesting that these enzymes activate the hydrolysis of the thioester bond using the same basic catalytic machinery as those of proteases and lipases. To identify the cysteine and histidine residues that are critical in catalysis we substituted, in a 12:0 ACP TE (Uc FatB1), a conserved cysteine (Cys-320) to an Ala or a Ser, and three conserved histidines (His-140, His-285, and His-345) to an Ala or an Arg. Each Ala mutation caused a substantial loss of enzyme activity. However, only C320A and H285A completely inactivated the enzyme, indicating that these two residues are essential for catalysis. Considerable activity (>60%) still remained when Cys-320 was converted to a Ser, but this mutant (C320S) displayed a reversed sensitivity toward thiol or serine hydroxyl inhibitors compared with the wild-type enzyme. A pH optimal study demonstrates that while the wild-type enzyme has the highest activity between pH 8.5 and 9.5, the mutant H285A shows a shifted optimum to higher pH and a significant increase of activity around pH 12. This result suggests that Arg-285 (pKa 12) is deprotonated at high pH, thus partially mimicking the role of His-285 for proton abstraction in the wild-type enzyme. We conclude that the Cys-320 of the wild-type enzyme and Ser-320 of the mutant enzyme can attack the thioester bond of the substrate 12:0 ACP, assisted by His-285. Because plant TEs are highly conserved in length and sequence and the residues investigated here are completely conserved in all available TEs, it is reasonable to believe that homologues of Cys-320 and His-285 are present in the active sites of all plant acyl-ACP TEs.